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(A Combinatorial Deformation of Dirichlet’s Class. Number Formula)
3 (Takashi Mitsuhiro)
1.
2 , H. Hasse[3] ,
P. $Ch\circ wla[1|$ T. $On\circ[6|$ .
1 , [5] .
1. $\epsilon(>1)$ , $h$ $\chi(x)$ $p\equiv 1(m\circ d4)$ 2 $Q(\sqrt{p})$




$a_{0}=2$ , $2na_{n}=$ $\sum_{k\cdot=0,n-1}^{n-1}\{a_{k}+\chi(n-k)b_{k}p\}$ $(1\leq n\leq(p-1)/2)$ ,
$b_{0}=0$ , $2nb_{n}= \sum_{k\cdot=0}\{b_{k}+\chi(n-k)a_{k}\}$ $(1\leq n\leq(p-1)/2)$
.
T. Ono .
2 ([6]). $p\equiv 1(mod 4)$ $N=(p-1)/4$ , $\omega=(1+\sqrt{p})/2,$ $\omega’=$
$(1-\sqrt{P})/2$ ,
$\alpha_{\nu}=\{\begin{array}{l}\omega\chi(\nu)=+1\emptyset\ g\omega\chi(\nu)=-1\emptyset\ g\end{array}$
. $\chi(\nu)=(\nu/p)$ , $k=Q(\sqrt{p})$
p/ 2 , $\epsilon,$ $h$ $k$ , .
$\sqrt{p}\epsilon^{h}=2\sum_{n=0}^{N-1}d_{n}+d_{N}$ ,
. $k$ $d_{n}$





([4], [7], [8] ).
2.1. $(V,$ $\preceq)$ $\preceq$ , 3 (i) $x\not\leq y$
$\mu(x, y)=0$ , (ii) $x\in V$ $\mu(x, x)=1$ , (iii) $x\prec y$
$\sum_{x\preceq z\preceq y}\mu(x, z)=0$
$\mu:V\cross Varrow R$ .
$\mu$
$V$ .




$f(x)= \sum_{y\preceq x}g(y)\mu(y, x)$
$(\forall x\in V)$
.
2.3. $(V,$ $\preceq)$ $\preceq$ , $\preceq*$ $x\preceq_{*}yrightarrow y\preceq x(x, y\in V)$
. $(V,$ $\preceq_{*})$ , $(V,$ $\preceq)$ , $(V,$ $\preceq_{*})$
$\mu,$ $\mu_{*}$ , $\mu_{*}(x,y)=\mu(y,x)(\forall x, y\in V)$ .
2.4. $\langle n\rangle=\{1,2, . . . , n\}$ , $\langle n\rangle$ $P_{n}$ .
$A=\{A_{1}, A_{2}, \ldots, A_{\iota}\}\in P_{n}$ $A_{i}(1\leq i\leq s)$ $A$ .
$A=\{A_{1}, A_{2}, \ldots, A_{l}\}$ , $B=\{B_{1}, B_{2}, \ldots, B_{t}\}\in P_{n}$ , $A_{i}(1\leq i\leq s)$
$4\subseteq B_{j}$ $B_{j}$ $A\preceq B$ $P_{n}$ $\preceq$
, $(P_{n}, \preceq)$ $1=\{\{1,2, \ldots, n\}\}$ , $0=\{\{1\}, \{2\}, \ldots, \{n\}\}$
. $(P_{n}, \preceq)$ $\preceq$ $\preceq*$ , $(P_{n}, \preceq*)$
.
$\mu$ . $\mu_{*}$ $(P_{n}, \preceq),$ $(P_{n}, \preceq*)$
. $q,$ $k(1\leq k\leq q)$ $(q)_{k}=q(q-1)\cdots(q-k+1)$
, q-k . $S$ $|S|$ , $\langle n\rangle$
$A=\{A_{1}, A_{2}, \cdots, A_{\delta}\}$ $c_{i}^{A}(1\leq i\leq n)$ $c_{i}^{A}=|\{j;|A_{j}|=i\}|$ ,
$(c_{1}^{A}, c_{2}^{A}, \ldots, c_{n}^{A})$ $A$ . $\Sigma_{=1}^{n}i\cdot c^{A}=n,$ $c_{i}^{A}\geq 0(1\leq i\leq n)$
. $A$ $w_{A}=\Sigma_{i=1}^{n}c_{i}^{A}$ .
2.5. :
$\sum q^{\iota}\mu(0, A)=(q)_{n}$ $(q\geq 1,1\leq n\leq q)$ .
$A\in P_{\mathfrak{n}}$
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$\mu(0, A)=\prod_{i=1}^{l}\{(-1)^{|A;|-1}(|A:|-1)!\}$ $(A=\{A_{1},A_{2}, \ldots, A_{\iota}\}\in P_{n})$ .
27.1. .
$\mu(0, A)=(-1)^{n+w_{A}}\prod_{i=1}^{n}\{(i-1)!\}^{c^{A}}$: $(A=\{A_{1}, A_{2}, \ldots, A_{\iota}\}\in P_{n})$ .
. 27 .
$-\vee$ , $\Sigma_{n}^{*}$ \Sigma ni$=1i\cdot c_{i}=n,$ $c_{i}\geq 0(1\leq i\leq n)$
$(c_{1}, c_{2}, \ldots, c_{n})$ , $n$ $S_{n}$ $\mathcal{I}_{n}(x_{1}, \ldots, x_{n})$
$n$
$\mathcal{I}_{n}(x_{1}, x_{2}, \ldots, x_{n})=(1/n!)\sum_{n}^{*}h_{c_{1}c_{2}\cdots c_{n}}x_{1}^{c_{1}}x_{2}^{c_{2}}\cdots x_{n}^{c_{n}}$
. $n$ $\sigma\in S_{n}$ $\rho_{j}$ $\sigma=\rho_{1}\cdots\rho_{\ell}$
,
$h_{C1c_{2}\cdots c_{n}}=|${ $\sigma\in S_{n}$ ; $|\rho_{j}$ of length $i$ in $\sigma|=c_{i}(1\leq i\leq n)$ } $|$
. $=1$ .
2.8. :
$\mathcal{I}_{n}(x_{1}, x_{2}, \ldots, x_{n})=\frac{1}{n!}\sum_{n}^{*}\frac{n!}{\prod_{i=1}^{n}\{c_{i}!\cdot i^{c_{i}}\}}x_{1}^{c_{1}}x_{2}^{c_{2}}\cdots x_{n}^{c_{\mathfrak{n}}}$
$(n\geq 1)$ .
2.9. :









a\in Fp$\cross$ i“ ,
. $n\geq 1$ , $a_{1},$ $a_{2},$ $\ldots,$ $a_{n}\in F_{p}^{\cross}$ $F_{p}$
$a_{1}x_{1}^{2}+a_{2}x_{2}^{2}+\cdots+a_{n}x_{n}^{2}=0$
$F_{p}$ $x=t_{1},$ $x=t_{2}$ , . . . , $x=$ $S(a_{1}, a_{2}, \ldots , a_{n})$ ,
$\mathcal{N}(a_{1}, a_{2}, \ldots, a_{n})$ . $F_{p}^{x}$
$S^{\cross}$ $(a_{1}, a_{2}, \ldots , a_{n})$ , $\mathcal{N}^{x}(a_{1}, a_{2}, \ldots, a_{n})$ . $F_{p}^{\cross}$
$t_{i}^{2}\neq t_{j}^{2}(1\leq i<j\leq n)$ $\mathcal{D}S^{\cross}(a_{1}, a_{2}, \ldots, a_{n})$ ,




$x$ , $\mathcal{N}(a_{1}, \ldots, a_{n})$
.
3.1 (G. Fujisaki[2]). $n\geq 1,$ $m=\lfloor n/2\rfloor$ . $a_{1},$ $\ldots$ , $a_{n}\in F_{p}^{x}$
$\mathcal{N}(a_{1}, \ldots, a_{n})=\{\begin{array}{l}p^{n-1}p^{n-1}+\chi(a_{1}\cdots a_{n})(p^{m}-p^{m-1})\end{array}$ $ni_{\backslash 1^{Q}\mathfrak{F}^{\backslash }\text{ }}ni^{\grave{\grave{a}_{\backslash }}*\text{ }}’$
,
.
$n\geq 1,0\leq r,$ $v\leq n$ ,
$D_{n}(v)$ $=$ $(1+\sqrt{p})^{n-v}(1-\sqrt{p})^{v}+(1+\sqrt{p})^{v}(1-\sqrt{p})^{n-v}$ ,
$K_{n,.’ r}(v)=s_{f}(-1, -1, \bigvee_{v}’-1,1,1,\ldots, 1)\bigvee_{n-v}$
. $s_{f}(x_{1}, x_{2}, \ldots, x_{n})$ $n$
$s_{f}(x_{1}, x_{2}, \ldots, x_{n})=\vee\{\begin{array}{l}1(r=0)\sum_{1\leq j_{1}<j_{2}<\cdot<j_{\prime}\leq n}..x_{j_{1}}x_{j_{2}}\cdots x_{j_{\prime}}(1\leq r\leq n)\end{array}$
. $a_{1},$ $a_{2},$ $\ldots,$ $a_{n}\in F_{p}^{x}$ $v(a_{1}, a_{2}, . :. , a_{n})$ $\chi(a_{j})=-1$ $i$
.
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3.1. $v=v(a_{1}, a_{2}, \ldots, a_{n})$ ,
$\sum_{k=0}^{\lfloor n/2\rfloor}K_{n,2k}(v)p^{k}=\frac{1}{2}D_{n}(v)$ $(a_{1}, a_{2}, \ldots, a_{n}\in F_{p}^{x})$
.
. $1\leq r\leq n$







$\mathcal{N}^{x}(a_{1}, a_{2}, \ldots, a_{n})=\frac{1}{p}\{(p-1)^{n}+(-1)^{n}\frac{1}{2}(p-1)D_{n}(v)\}$
.
. $1\leq r\leq n$ $M_{f},$ $\overline{M_{f}}$
$\{\frac{M_{f}}{M_{f}}==\{\{\{t_{1}^{1},t_{2}^{2},\ldots,b_{n}^{n}$
)
$\in S(a_{1}^{1},a_{2}^{2},\ldots,a_{n}^{n})t,t,\ldots,b)\in S(a,a,\ldots,a)|_{l_{f}^{f}\neq 0\}}^{t=0\}},$
’
, $\{1, 2, \ldots, n\}$ $\{j_{1},j_{2}, \ldots,j_{f}\}$ $\{1, 2, \ldots,n\}\backslash$
$\{j_{1},j_{2}, \ldots,j_{f}\}$ $\{i_{1},i_{2}, \ldots,i_{n-r}\}$ .
$|M_{j_{1}}\cap M_{j_{2}}\cap\cdots\cap M_{j_{f}}|=\{\begin{array}{l}N(a_{i_{1}},a_{i_{2}},\ldots,a_{i_{n-r}})(1\leq r<n)1(r=n)\end{array}$
, $|\overline{M_{1}}\cap\overline{M_{2}}\cap\cdots\cap\overline{M_{n}}|=\mathcal{N}^{x}(a_{1}, a_{2}, \ldots, a_{n})$ .
$\mathcal{N}^{\cross}(a_{1}, a_{2}, \ldots,a_{n})=\sum_{t=1}^{n}(-1)^{n-f}\sum_{1\leq j_{1}<j_{2}<\cdot<j,\leq n}..\mathcal{N}(a_{j_{1}}, a_{j_{2}}, \ldots, a_{j_{r}})+1$
123
. $m=$ \lfloor n/2 $1 \leq j_{1}<<\cdot<\leq n\sum_{j_{2}j_{r}}..\chi(a_{j_{1}}a_{j_{2}}\cdots a_{j,})=K_{n,\prime}(v)$
,
$\sum_{k=1}^{n}(-1)^{n-k}\sum_{1\leq j_{1}<\dot{p}<.<j_{k}\leq n}..\mathcal{N}(a_{j_{1}}, a_{j_{2}}, \ldots, a_{j_{k}}+1)$
$=(-1)^{n} \{\sum_{k=0}^{n-1}(-1)^{k+1}(\begin{array}{ll} nk +1\end{array})p^{k}+ \sum_{k=1}^{m}K_{n,2k}(v)(p^{k}\cdot-p^{k-1})+1\}$
$= \frac{1}{p}\{(p-1)^{n}+(-1)^{n}\frac{1}{2}(p-1)D_{n}(v)\}$
, .
$a_{1},$ $a_{2},$ $\ldots$ , $a_{n}\in F_{p}^{x}$ , \langle $n$ } $M$ $\lambda_{M}$ $(a_{1}, a_{2}, \ldots, a_{n})=$
$\Sigma_{j\in M}a_{i}\in F_{p}$ .
3.3. $a_{1},$ $a_{2},$ $\ldots,$ $a_{n}\in F_{p}^{\cross}$ ,
$\lambda_{M}=\lambda_{M}(a_{1}, a_{2}, \ldots, a_{n})\neq 0$ $(\phi\neq\forall M\subset\langle n\rangle)$
.
$\mathcal{N}^{x}(a_{1}, a_{2}, \ldots, a_{n})=\sum_{A=\{A_{1},A_{2},\ldots,A.\}\in P_{n}}2^{n-\epsilon}\mathcal{D}\mathcal{N}^{\cross}(\lambda_{A_{1}}, \lambda_{A_{2}}, \ldots, \lambda_{A}.)$
.
. { $n\rangle$ $A=\{A_{1}, A_{2}, \ldots, A_{s}\}$ , $i\in A_{k},$ $i\in A_{l}$ $t_{:}^{2}=$
$t_{j}^{2}rightarrow k=l$ $(t_{1}, t_{2}, \ldots, t_{n})\in S^{x}(a_{1}, a_{2}, \ldots, a_{n})$ $S_{A}^{\cross}(a_{1}, a_{2}, \ldots, a_{n})$ .
$\mathcal{N}^{\cross}(a_{1}, a_{2}, \ldots, a_{n})=\sum|S_{A}^{x}(a_{1}, a_{2}, \ldots, a_{n})|$
$A\in P_{n}$
, $(t_{1}, t_{2}, \ldots, t_{\epsilon})\in DS^{x}(\lambda_{A_{1}}, \lambda_{A_{2}} , . . . , \lambda_{A}.)$
$[t_{1},t_{2}, \ldots , t_{\delta}]=$ { $(\overline{t_{1}},\overline{t_{2}},$ $\ldots,\overline{t_{n}})\in F_{p}^{n}$ ; if $i\in A_{j}$ then $\overline{t_{i}}=\pm t_{j}$ }
,
$S_{A}^{x}(a_{1}, a_{2}, \ldots, a_{n})=\bigcup_{(t_{1},t_{2},\ldots,t.)\in DS^{X}(\lambda_{A_{1}},\lambda_{A_{2}},\ldots,\lambda_{A}.)}[t_{1},t_{2}, \ldots, t_{\delta}]$
,
$[t_{1}, \ldots, t_{\epsilon}]\neq[t_{1}’, \ldots, t_{l}’]rightarrow[t_{1}, \ldots , t_{\theta}]\cap[t_{1}’, \ldots,t_{l}’]=\phi$ ,
$[t_{1}, \ldots,t_{\delta}]=[t_{1}’, \ldots,t_{l}’]rightarrow(t_{1}, \ldots, t_{\iota})=(\pm t_{1}’, \ldots, \pm t_{l}’)$
,
$|\{[t_{1},t_{2}, \ldots,t_{\epsilon}];(t_{1},t_{2}, \ldots,t_{\delta})\in DS^{\cross}(\lambda_{A_{1}}, \lambda_{A_{2}}, \ldots, \lambda_{A}.)\}|$
$= \frac{1}{2^{l}}\mathcal{D}\mathcal{N}^{x}(\lambda_{A_{1}}, \lambda_{A_{2}}, \ldots, \lambda_{A}.)$
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, .
3.4. 3.3 , , $\langle n\rangle$ $B=\{B_{1}, B_{2}, \ldots, B_{t}\}$
$\frac{1}{2^{t}}\mathcal{N}^{x}(\lambda_{B_{1}}, \lambda_{B_{2}}, \ldots, \lambda_{B_{2}})=$ $\sum$ $\frac{1}{2^{l}}D\mathcal{N}^{x}(\lambda_{A_{1}}, \lambda_{A_{2}}, \ldots, \lambda_{A_{\iota}})$
$A=\{A_{1},A_{A^{2}\preceq J\epsilon^{A.\}\in P_{n}}}$
.
. \langle $n$ } $B=\{B_{1}, B_{2}, \ldots , B_{t}\}$ $\overline{\lambda_{M}}=\lambda_{M}(\lambda_{B_{1}}, \lambda_{B_{2}}, \ldots, \lambda_{B},)\in$
$F_{p}(\phi\neq\forall M\subset\langle t\rangle)$ , $\overline{\lambda_{M}}\neq 0$ , 3.3
$\mathcal{N}^{x}(\lambda_{B_{1}}, \lambda_{B_{2}}, \ldots, \lambda_{B_{n}})=\sum_{A=\{A_{1},A_{2},\ldots A_{*}\}\in P_{t}},2^{t-\epsilon}D\mathcal{N}^{x}(\overline{\lambda_{A_{1}}},\overline{\lambda_{A_{2}}}, \ldots,\overline{\lambda_{A}.})$
.
$\langle t\rangle$ $A=\{A_{1}, A_{2}, \ldots, A_{s}\}$
$=\{\overline{A_{1}},\overline{A_{2}}, \ldots,\overline{A_{\delta}}\},$ $\overline{A_{1}}=\bigcup_{j\in A;}B_{j}$
$(1\leq i\leq s)$ , $\overline{A}\in P_{n},$ $\overline{A}\preceq*B$ , $\varphi_{t}$ : $P_{t}\ni A$ $\overline{A}\in$
$P_{n}$ \varphi t(Pt) $=\{X\in P_{n} ; X\preceq*B\}$ . –\mbox{\boldmath $\lambda$}A: $=\lambda_{\overline{A:}}$ ,
$\mathcal{D}\mathcal{N}^{x}(\overline{\lambda_{A_{1}}}, \overline{\lambda_{A_{2}}}, \ldots,\overline{\lambda_{A}.})=\mathcal{D}\mathcal{N}^{\cross}(\lambda_{\overline{A_{1}}}, \lambda_{\overline{A_{2}}}, \ldots , \lambda_{\overline{A}})$ , .
3.5. 3.3 , , $\langle n\rangle$ $B=\{B_{1}, B_{2}, \ldots, B_{t}\}$
$\mathcal{D}\mathcal{N}^{\cross}(\lambda_{B_{1}}, \lambda_{B_{2}}, \ldots, \lambda_{B_{t}})=2^{t}$ $\sum$ $\frac{1}{2^{\epsilon}}\mathcal{N}^{x}(\lambda_{A_{1}}, \ldots, \lambda_{A}.)\mu(B, A)$
$A=\{A_{1},\ldots,A.\}\in P_{n}B\preceq A$
.
. 2 $f:P_{n}arrow R$ $g:P_{n}arrow R$
$\{g(X)=(1/2^{l^{l}})\mathcal{N}^{x}(\lambda_{X_{1}}, \lambda_{X_{2}},.., \lambda_{X}.)f(X)=(1/2)\mathcal{D}\mathcal{N}^{x}(\lambda_{X_{1}},\lambda_{X_{2}}.’\ldots,\lambda_{X}.)(X=\{X_{1},X_{2}, \ldots, X_{l}\}\in P_{n})$,
. 3.4 \langle $n$ } $X=\{X_{1}, X_{2}, \ldots, X_{\delta}\}$
$g(X)= \sum_{*X}f(Z)z\preceq$ . 23 , { $n\rangle$
$B=\{B_{1}, B_{2}, \ldots, B_{t}\}$
$D \mathcal{N}^{x}(\lambda_{B_{1}}, \lambda_{B_{2}}, \ldots, \lambda_{B_{t}})=2^{t}f(B)=2^{t}\sum_{A\preceq.B}g(A)\mu_{*}(A, B)=2^{t}\sum_{B\preceq A}g(A)\mu(B, A)$
, .
, $\langle n\rangle$ $A=\{A_{1}, A_{2}, \ldots , A_{s}\}$ $v_{A}=v(|A_{1}|,$ $|A_{2}|$ ,




, $\mathcal{D}\mathcal{N}_{n}^{x}(n\geq 1)$ .
3.6. :
$\mathcal{D}\mathcal{N}_{n}^{\cross}=2^{n}\frac{1}{p}\{(\frac{p-1}{2})_{n}+\frac{1}{2}(p-1)H(n)\}$ $(1 \leq n\leq p-1)$ .
. $a_{1},$ $a_{2},$ $\ldots$ , $a_{n}\in F_{p}^{\cross}$ $\lambda_{M}=\lambda_{M}(a_{1}, a_{2}, \ldots, a_{n})\neq 0(\phi\neq\forall M\subset\langle n\})$
, 3.5
$\mathcal{D}\mathcal{N}^{\cross}(a_{1}, a_{2}, . ..\cdot, a_{n})=D\mathcal{N}^{\cross}(\lambda_{\{1\}}, \lambda_{\{2\}}, \ldots, \lambda_{\{n\}})$




$|M|\neq 0(\phi\neq\forall M\subset\langle n\rangle)$ , 3.2 2.5
$\mathcal{D}\mathcal{N}_{n}^{x}=2^{n}$ $\sum$ $\frac{1}{2^{\delta}}\mathcal{N}^{x}(|A_{1}|, |A_{2}|, \ldots, |A_{\delta}|)\mu(0, A)$
$A=\{A_{1},A_{2},\ldots,A_{\ell}\}\in P_{n}$
$=2^{n} \frac{1}{p}\sum_{A=\{A_{1},A_{2},\ldots,A.\}\in P_{\mathfrak{n}}}\frac{1}{2^{\delta}}\{(p-1)^{s}+(-1)^{s}\frac{1}{2}(p-1)D_{\delta}(v_{A})\}\mu(0, A)$
$=2^{n} \frac{1}{p}\{\sum_{A=\{A_{1},A_{2},\ldots,A.\}\in P_{\mathfrak{n}}}(\frac{p-1}{2})^{\delta}\mu(0, A)$




1 , 1 2
. $\theta=\exp(2\pi i/p)$ , $\chi(x)$ 2 $Q(\sqrt{P})$




















$1\leq m\leq(p-1)/2$ $0\leq s\leq p-1$ , $t_{1}+t_{2}+\cdots+t_{m}\equiv$
$s(m\circ dp),$ $1\leq t_{1}<t_{2}<...<t_{m}\leq p-1,$ $\chi(t_{i})=1(1\leq i\leq m)$
$(t_{1}, t_{2}, \ldots, t_{m})$ $W_{m}(s)$ , $S_{m}(s)=|W_{m}(s)|$ .
$0\leq k\leq p-1$ $\alpha_{k}=\sum_{m=1}^{R_{2}^{-1}}(-1)^{m}S_{m}(k)$ .
4.2. :
$R( \theta)=1+\sum_{k=0}^{p.-1}\alpha_{k}\theta^{k}$.
. $\chi(r)=1$ $r(1\leq r\leq p-1)$ $r_{1},$ $r_{2},$ $\ldots,$ $r_{L_{2}^{-\underline{1}}}$ ,
$\prod_{i=1}^{k}(1-\theta^{r;})=1+\sum_{=1}^{k}(-1)^{i}\sum_{1\leq j_{1}<j_{2}<\cdot<j;\leq k}..\theta^{r+r+\ldots+r}J_{1}j_{2}j_{j}$
,





4.3. $\chi(i)=\chi(j)$ $\alpha:=\alpha_{j}$ .
. $1\leq i<i\leq p-1$ $u_{ij}i\equiv j(mod p)$ $u_{\ddot{v}}(1\leq u_{ij}\leq p-1)$
, $\chi(i)$ $=$ \chi ( $\chi(u_{ij})=1$ . $P$
, $\varphi_{ij}$ : $W_{m}(i)\ni(t_{1}, t_{2}, \ldots, t_{m})\mapsto(t_{1}\tau\iota_{ij}^{-1},t_{2}u_{ij}^{-1}, \ldots, t_{m:j}u^{-1})\in W_{m}(j)$
$\varphi_{ij}$ : $W_{m}(i)rightarrow W_{m}(j)(1\leq i<i\leq p-1)$ , $\chi(i)=\chi(j)$
$\varphi_{ij}$ , $S_{m}(i)=|W_{m}(i)|=|W_{m}(j)|=S_{m}(j)(1\leq m\leq(p-1)/2)$ ,
$\alpha:=\sum_{m=1}^{L_{2}^{-\underline{1}}}(-1)^{m}S_{m}(i)=\sum_{m=1}^{L_{2}^{\underline{-1}}}(-1)^{m}S_{m}(j)=\alpha_{j}$ .
4.3 $\chi(n)=-1$ $n$ \alpha n $\alpha_{N}$ , $\chi(r)=+1$
$r$ \alpha 7 $\alpha_{R}$ .
4.4. :
$\alpha_{N}+\alpha_{R}=-\frac{2}{p-1}(1+\alpha_{0})$.
. $1\leq m\leq(p-1)/2$ , $1\leq t_{1}<t_{2}<\cdots<t_{m}\leq p-1,$ $\chi(t_{i})=$
















, $\chi(s)=-1$ $s$ $N(\theta)=R(\theta^{8})$
$\chi(f)=+1$
$N(\theta)=1+\alpha 0+\alpha_{N}$









$D\mathcal{N}_{m}^{\cross}$ $=$ $|\{(t_{1}, t_{2}, \ldots, t_{m})\in F_{p}^{m}|t_{i}^{2}\neq^{\dot{s}}t(1\leq^{\leq_{i}\leq^{m}m^{=0}’}t_{1}^{2}+t_{j^{2}}^{2}+\cdots+_{i_{<}}t_{j\leq^{)_{m)}}}^{2}t\neq_{2}0(1,\}|$
$=$ $2^{m}|\{(t_{1}, t_{2}, \ldots, t_{m})|t\not\equiv t(1nodp)(1\leq^{i}i<j\leq^{p_{m)}}t_{i^{1}}+t+\cdots+t\equiv 0(mod )\chi_{j}^{2}(t_{i})=1(1^{m}\leq\leq m),\}|$
$=$ $2^{m}m.!|\{(t_{1}, t_{2}, \ldots,t_{m})|t+t+\cdots+t..\equiv 0_{m}(mod p)_{1}1^{1}\leq t<t_{2}<<t\leq\chi_{1}^{2}(t.\cdot)=1(.1^{m}\leq i\leq m)_{p-}\}|$
$=$ $2^{m}m!S_{m}(0)$









$q_{i}=(1+\chi(i)\sqrt{P})/2(1\leq i\leq(p-1)/2)$ , 2 Q( $\sqrt{}$ $x$
.
4.7. $1\leq m\leq(p-1)/2$
$(-1)^{m} \frac{1}{m!}H(m)=\mathcal{I}_{m}(q_{1},q_{2}, \ldots, q_{m})+\mathcal{I}_{m}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{m}})$
.
.





$= \prod_{:\chi^{1<i\leq}(\gamma=+^{n_{1}}}(1+\sqrt{p})^{c^{A}}:$ $\prod_{1\leq\cdot\leq n,\chi(:)=-1}(1-\sqrt{p})^{c_{i}^{A}}+$ $\prod_{1\leq\leq n,\chi(i)^{i}=-1}(1+\sqrt{p})^{c_{i}^{A}}\prod_{i\chi^{1<i\leq}(\gamma=+^{n_{1}}}(1-\sqrt{p})^{c^{A}}$
:
$= \prod_{1\leq:\leq n}(1+\chi(i)\sqrt{p})^{c_{i}^{A}}+\prod_{1\leq:\leq n}(1-\chi(i)\sqrt{p})^{c^{A}}$
:
.
2.6, 2.8 2.7.1 $1\leq m\leq(p-1)/2$




$= \frac{1}{m!}\sum_{A\in P_{m}}\{\prod_{i=1}^{m}\{(i-1)!\}^{c^{A}}:\}\{\prod_{i=1}^{m}q_{i}^{c_{i}^{A}}+\prod_{i=1}^{n}arrow q_{i}^{A}i\}$
$= \frac{1}{m!}\sum_{m}^{*}\frac{m!}{\prod_{i=1}^{m}\{c_{1}!\cdot(i!)^{c_{1}}\}}\{\prod_{i=1}^{m}\{(i-1)!\}^{c_{i}^{A}}\}\{\prod_{i=1}^{m}q_{\dot{a}}^{c_{i}^{A}}+\prod_{1=1}^{m}\overline{q_{i}}^{c^{A}}:\}$
$= \frac{1}{m!}\sum_{m}^{*}\frac{m!}{\prod_{i=1}^{m}\{c_{i}!\cdot i^{c_{1}}\}}\{\prod_{=1}^{m}q_{i^{:}}^{c^{A}}+\prod_{i=1}^{m}arrow q_{i^{j}}^{A}\}$




$N(\theta)+R(\theta)=\{\mathcal{I}_{m}(q_{1},q_{2}, \ldots,q_{m})\dotplus \mathcal{I}_{m}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{m}})\}m^{g_{\frac{-1}{\sum_{=}^{2}}}}0$
. 4.6, 4.7, 3.8 $=1$ ,
$N( \theta)+R(\theta)=\frac{2p}{p-1}(1+\alpha_{0})=2+\sum_{m=1}^{0}(-1)^{m}\frac{1}{m!}H(m)L_{\sim}^{-\underline{1}}$
$=2+ \sum_{m=1}^{0}\{\mathcal{I}_{m}(q_{1}, q_{2}, \ldots,q_{m})+\mathcal{I}_{m}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{m}})\}L_{\sim}^{-\underline{1}}$.
$= \sum_{m=0}^{L_{2}^{-\underline{1}}}\{\mathcal{I}_{m}(q_{1},q_{2}, \ldots,q_{m})+\mathcal{I}_{m}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{m}})\}$
.
1 . $\mathcal{I}_{n}(q_{1}, q_{2}, \ldots, q_{n})=(a_{n}+b_{n}\sqrt{p})/2(n\geq 0)$ , $\mathcal{I}_{n}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{n}})=$
$(a_{n}-b_{n}\sqrt{p})/2$




$a_{n},$ $b_{n}(n\geq 0)$ ,
$a_{n}$ $=$ $\{\mathcal{I}_{n}(q_{1}, q_{2}, \ldots,q_{n})+\mathcal{I}_{n}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{n}})\}$
.
$(n\geq 0)$ ,
$b_{n}$ $=$ $\frac{1}{\sqrt{p}}\{\mathcal{I}_{n}(q_{1}, q_{2}, \ldots,q_{n})-\mathcal{I}_{n}(\overline{q_{1}},\overline{q_{2}}, \ldots,\overline{q_{n}})\}$ $(n\geq 0)$
2.9 .
. $p=229$ , $a_{n},$ $b_{n}(n\geq 0)$ 1 , $T=$ 11696402
. $T^{2}-pU^{2}=4$ $\epsilon^{2h}=\frac{11696402+772920\sqrt{229}}{2}$ ,
$\epsilon=\frac{15+\sqrt{229}}{2}$ $h=3$ .
131
. $N=(p-1)/4$ , 2 $d_{n}(1\leq n\leq N)$ 1
$a_{n},$ $b_{n}(1\leq n\leq N)$
$d_{n}= \frac{a_{n}+b_{n}\sqrt{p}}{2}$ $(1\leq n\leq N)$
, $\mathcal{I}_{n}(q_{1}, q_{2}, \ldots, q_{n})=(a_{n}+b_{n}\sqrt{P})/2$
$d_{n}=\mathcal{I}_{n}(q_{1},q_{2}, \ldots,q_{n})$ $(1\leq n\leq N)$
.
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